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CASE PRESENTATION
A 47-year-old African-American male with a history of
hypertension for 1 year and cocaine use presented to the
emergency department with acute onset of bilateral flank
pain, nausea, vomiting, and diarrhea. Physical
examination was unremarkable. Laboratory evaluation
revealed a white blood count of 15.1 K/ml (normal
4.5–11.5K/ml) and a serum creatinine of 2.4mg/100ml. A
non-contrast CT scan of the abdomen was unremarkable.
The patient was treated with morphine (for pain) and i.v.
fluids, felt better, and was discharged for out-patient
follow-up.
The patient saw his primary care physician 2 days later
(day 3) and reported persistence of the bilateral flank pain.
The patient also reported a transient inability to urinate
for 36h before the visit. An abdominal ultrasound and
blood chemistry were obtained. On day 5, he was referred
by his physician to the emergency department for a serum
creatinine of 9.2mg/100ml from day 3. At the time of
admission, the patient reported using 5–6g/day of
ibuprofen for the previous 4 days and admitted to
sniffing cocaine a few hours before the initial onset of
flank pain.
On physical examination, the patient was a well-built
African-American male with a temperature of 99.2 1F,
pulse rate of 60/min, blood pressure of 150/85mmHg and
weight of 85kg (BMI 27.7 kg/m2). There was no
orthostasis, pallor, or skin rash. The heart and lung
examinations were unremarkable. The abdomen was soft,
with no suprapubic dullness. There was no costovertebral
angle tenderness or pitting edema. The extremity pulses
were symmetric and equal.
Laboratory results are presented in Table 1. Serologic
tests for hepatitis B and C viruses, human
immunodeficiency virus, antinuclear antibody, and
rheumatoid factor were negative. Serum complements,
including C3, C4, and CH50, were within the normal range.
Hemoglobin electrophoresis, chest X-ray,
electrocardiogram, and echocardiogram were
unremarkable. Renal ultrasound revealed normal-sized
kidneys with mildly increased echogenecity and no
hydronephrosis. A 99mTc-MAG3 (mercaptoacetyltriglycine)
radionuclide renogram showed multiple wedge-shaped
photopenic areas in both kidneys (Figure 1a). Owing to
the absence of a clear explanation for the patient’s acute
renal failure, renal biopsy was performed 12 days after the
onset of symptoms.
KEYWORDS: cocaine; vasospasm; cortical necrosis; renal infarction; renal
failure; kidney biopsy
RENAL BIOPSY FINDINGS
The renal biopsy specimen was processed for light micro-
scopy, immunofluorescence, and electron microscopy, ac-
cording to standard techniques. Sampling for light
microscopy included three cores of renal cortex. In each of
the three cores of tissue, there was a broad area of complete
coagulative-type necrosis with loss of all cellular elements and
interstitial hemorrhage, consistent with renal infarction
(Figure 2a). In the adjacent areas of cortex, there were 12
glomeruli present, one of which was globally sclerotic.
Glomeruli appeared normocellular with patent capillary
lumina. Multiple glomeruli exhibited ischemic changes with
global wrinkling and retraction of the glomerular basement
membrane. Proximal tubules exhibited severe degenerative
changes with luminal ectasia, cytoplasmic simplification,
extensive loss of brush border, and many apoptotic figures
(Figure 2b). There was minimal tubular atrophy, interstitial
fibrosis, and interstitial inflammation. Vessels displayed mild
to moderate arteriosclerosis. Immunofluorescence staining of
glomeruli was negative for IgG, IgM, IgA, C3, C1, fibrinogen,
albumin, kappa, and lambda. Sampling for electron micro-
scopy consisted of mainly infarcted areas of renal cortex and
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scant viable but severely injured tubules. No electron dense
deposits were identified.
RENAL BIOPSY DIAGNOSIS
Renal cortical infarction with adjacent areas of severe tubular
injury
Clinical follow-up. Following review of the renal biopsy,
additional studies were performed. A 99mTc-DMSA (dimercap-
tosuccinic acid) renal scan demonstrated multiple linear and
wedge-shaped cortical defects in both kidneys seen as photo-
penic areas (Figure 1b). A renal angiography demonstrated
patent renal arteries bilaterally (Figure 3c) and wedge-shaped
defects consistent with areas of infarction (Figure 3a and b).
The clinical course is depicted in Figure 4. The patient’s
creatinine peaked at 17.3mg/100ml on day 9. Before renal
biopsy, the patient required two sessions of hemodialysis via
a temporary double lumen femoral catheter because of
hyperkalemia. Following the biopsy, the patient had a gradual
decline in serum creatinine, and he was discharged on day 18
with a serum creatinine of 3.0mg/100ml. The patient’s urine
lactate dehydrogenase (LDH) and serum LDH returned to
normal range at 2 and 7 weeks from presentation,
respectively. Screening for a hypercoagulable state was
negative with normal levels of protein C, protein S, and
antithrombin III. Lupus anticoagulant was negative. At 12
weeks following initial presentation, the patient had a serum
creatinine of 2.0mg/100ml.
DISCUSSION
Cocaine abuse is an epidemic in the United States and has
been implicated as a cause of both acute and chronic renal
injury.1 Acute renal failure related to cocaine use most
commonly occurs in the setting of rhabdomyolysis, although
multiple other patterns of renal injury, including most
notably malignant hypertension with thrombotic microan-
giopathy and renal cortical necrosis, have been reported.2–5
Rhabdomyolysis has been reported in 24% of cocaine users
and approximately 20–33% of patients with cocaine-induced
rhabdomyolysis develop myoglobinuric acute renal failure.6,7
The pathogenesis of cocaine-induced rhabdomyolysis likely
involves vasoconstriction, increased muscle activity, hyper-
pyrexia, and endothelial injury.2,4,8,9 Cocaine-induced renal
vasoconstriction has been implicated as a cause of acute renal
failure even in cases without evidence of rhabdomyolysis.10,11
Chronic administration of cocaine is associated with tubular
injury and necrosis and appears to be able to stimulate
mesangial cell proliferation.1,12
Malignant hypertension associated with thrombotic micro-
angiopathy has been reported in the setting of cocaine use.4,5
The hypertension tends to be short-lived due to recruitment of
compensatory responses, and as a result cannot be solely
responsible for this phenomenon.5 Instead, the mechanism is
hypothesized to be the result of hypertension, direct toxicity to
the vascular endothelium, increased platelet aggregation (via
direct and indirect mechanisms), and increased plasminogen
activator inhibitor.5
Renal infarction (i.e. cortical necrosis) results from
inadequate perfusion of the kidney and may occur secondary
to thrombotic or embolic disease, vasospasm, an extreme low
flow state (i.e. hypovolemia or cardiogenic shock), or other
disease causing acute compromise of renal blood flow (see
Table 2). It is a rare condition with variable incidence in
different parts of the world. The incidence of bilateral renal
cortical necrosis is much higher in developing countries and
more common among women (75%), especially pregnant
women.13–15 Among obstetric-related cases of renal failure,
early epidemiological data from France and India suggested a
comparable incidence of renal cortical necrosis of 37.8 and
33%.13,16 However, more recent reports suggests an incidence
of no more than 2%.15,17 The high incidence of bilateral renal
cortical necrosis in pregnant women likely relates to coagula-
tion disturbances of normal gestation and pregnancies
complicated by placental abruption, sepsis, or hypotension.13,14
Table 1 | Serum and urine laboratory values on admission
Laboratory results Value Reference range
White blood count 17 K/ml 4.5–11.5 K/ml
Hemoglobin 12 g/100ml 14–18 g/100ml
Blood urea nitrogen 126mg/100ml 8–26mg/100ml
Serum creatinine 16.2mg/100ml 0.6–1.2mg/100ml
Aspartate aminotransferase 60U/l 15–41U/l
Alanine aminotransferase 51U/l 17–63U/l
Serum albumin 2.7 g/100ml 3.5–4.8 g/100ml
Serum total protein 6.1 g/100ml 6.1–7.9 g/100ml
Serum bilirubin 1.9mg/100ml 0.4–2.0mg/100ml
Creatinine kinase 120U/l 49–397U/l
Lactate dehydrogenase 1875 IU/l 91–180 IU/l
Haptoglobin 230mg/100ml 30–200mg/100ml
Urinalysis
Specific gravity 1015
Protein 1+
Blood 3+
Urine microscopy 4–5 granular casts with
few epithelial cells
per low-power
field and many
isomorphic red
blood cells per
high-power field.
The urine was devoid
of red blood cell
casts, eosinophils,
and crystals
FENa 4.9%
FEUrea 68%
Urine toxicology Positive for cocaine
Urinary LDH 41U/l 0–15U/l
Urinary myoglobin 17mg/l 0–27 mg/l
24 h urine collection
Volume 2100ml
Total protein 850mg
Albumin 107mg
Creatinine clearance 3.7ml/min
Urea clearance 2.5ml/min
Urine protein electrophoresis Nonselective
proteinuria
LDH, lactate dehydrogenase.
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Renal infarction is a rare complication of cocaine
abuse.4,18 The mechanism of cocaine-induced renal infarc-
tion is likely multifactorial. Animal models have suggested a
role for vasoconstriction.18 Cocaine’s enhancement of platelet
aggregation, increased thromboxane synthesis and cocaine-
induced endothelial and vasospastic injury are the most
frequent suggested hypotheses.1,4 Additional patterns of renal
injury that rarely have been attributed to cocaine use include
three cases of biopsy-proven acute interstitial nephritis. Two
of the three patients were treated with steroids, all required
temporary renal replacement therapy, and all had complete
recovery of renal function. There also have been single case
reports of renal vein thrombosis and anti-glomerular base-
ment membrane disease attributed to cocaine use.19,20
Renal infarction is often a difficult diagnosis to establish
based on the rarity of the condition and the nonspecific
clinical presentation and laboratory findings.21,22 Patients
typically present with sudden flank pain with or without
fever, nausea, and vomiting.23 Anuria is frequent in patients
with bilateral involvement.16 Unilateral renal infarction
related to cocaine use is more frequent among men and
more commonly involves the right kidney.24 The predilection
for the right kidney may be related to the longer renal artery
and associated increased resistance to flow.24 In contrast,
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Figure 1 |Nuclear medicine imaging of the kidney. (a) 99mTc-MAG3 (mercaptoacetyltriglycine) radionuclide renogram showed
multiple wedge-shaped photopenic areas in both kidneys. No evidence of obstruction is seen on the renogram. (b) 99mTc-DMSA
(dimercaptosuccinic acid) renal scan demonstrated multiple linear and wedge-shaped cortical defects in both kidneys, seen as photopenic
areas, compatible with bilateral renal infarcts.
a b
Figure 2 |Renal blopsy findings. (a) Lower-power view of an
area of cortical necrosis shows necrotic tubular epithelia that have
become detached from the tubular basement membrane. The
necrotic tubular epithelia are devoid of visible nuclei and appear
to be shed into the tubular lumina (hematoxylin and eosin,
 200). (b) Adjacent to areas of cortical necrosis, tubules exhibit
severe degenerative changes characterized by luminal ectasia,
cytoplasmic simplification, irregular luminal contours, loss of
brush border, prominent nucleoli, and focal apoptotic figures
(hematoxylin and eosin,  400).
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c
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Figure 3 |Composite picture of renal angiogram. Images show
wedge-shaped renal infarct at the (a) lower pole of the right
kidney, (b) near the upper pole of the left kidney, and (c) patent
renal arteries. Arrows indicate sites of perfusion defects.
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unilateral renal infarction from other causes more often
involves the left kidney, possibly related to the acute angle of
the left renal artery with the aorta.21
Typical lab findings in renal infarction include markedly
elevated levels of serum LDH (95% of cases) and urinary
LDH, as well as tubular proteinuria (80% of cases) and
hematuria (X71% of cases).22–25 LDH is a large molecule
which is unlikely to pass through an intact glomerular
basement membrane. As a result, urinary LDH is thought to
originate directly from infarcted renal tissue.26–28 Other lab
findings associated with renal infarction include leukocytosis
and mild elevations of aspartate aminotransferase and
alanine aminotransferase.22,23,26,29
Literature review reveals 11 cases of cocaine-induced renal
infarction (Table 3).24,30–38 Previous reports reveal unilateral
involvement in all 10 of 11 cases, with involvement of the
right kidney in 8 of 9 cases. The majority of patients are
young males with a median age of 37 years (range 25–52
years). Among cases with available data, leukocytosis
(median 14.5 K/ml), elevated transaminases (median 119
U/l), and elevated LDH (median 1980 IU/l) were universally
noted. Among patients with unilateral infarction, the mean
serum creatinine was 1.7mg/100ml (range 0.9–4.9mg/
100ml). The single previously reported case with bilateral
renal infarction presented with a serum creatinine of 2.1mg/
100ml. Urinalysis findings were nonspecific. Insufficient data
was provided to draw conclusions regarding treatment and
outcomes.
Contrast enhanced CT scan is the noninvasive test of
choice for the diagnosis of renal infarction due to widespread
availability.21,29 In the case reported herein, the advanced
renal failure precluded the use of contrast. An abnormal renal
isotope scan has been reported to have an accuracy of 97%.29
The 99mTc-MAG3 tracer is the preferred agent for renography
and 99mTc-DMSA is the radiotracer of choice for imaging the
renal cortex.40 Renal angiography remains the gold standard
imaging for diagnosis of acute renal infarction with a
reported accuracy of 100%.29 Angiography in our case also
allowed for the exclusion of renal artery thrombosis. Cortical
calcifications can be seen on X-ray in some cases of patchy
cortical necrosis after a few weeks, too late to be
diagnostically useful.14,41 On pathologic evaluation, the
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Figure 4 |Clinical course of patient. Graph shows parallel
decline of serum creatinine and serum LDH over time. Also shown
are time course for decline in urinary LDH and the urinary
albumin/creatinine ratio.
Table 2 | Causes of renal infarction
Thrombotic disease
Embolic disease
Vasospasm
Extreme low flow state (i.e., cardiogenic shock)
Obstetric
Other forms of occlusive large-vessel disease involving the aorta or renal
arteries, that is, dissection, rupture of aneurysm, vascular trauma, vasculitis
Table 3 | Previously reported cases of cocaine-induced renal infarction
Reference
Age
(years) Sex
Route of
cocaine
Time to
onset
Kidney
involved
Blood
pressurea
SCr
(mg/100ml)
WBC
(K/ll)
AST
(IU/l)
Serum
LDH (IU/l)
Urine
LDH (IU/l)
Urinary
blood
Urinary
protein
1 Sharff30 32 Male i.v. Immediate Right 150/100 1.2 14.4 94 NR NR Trace 1+
2 Wohlman31 32 Male i.v. Immediate Right 150/80 1.2 14 267 1860 NR Negative Negative
3 Antonovychb,38 39 Male NR NR Unilateral NR NR NR NR NR NR NR NR
4 Kramer32 37 Male i.v. NR Right 140/90 2.0 23.3 89 2103 NR 2+ Trace
5 Goodman33 37 Male Nasal 2 h Right 130/70 0.9 16.3 NR NR NR Trace 1+
6 Saleem34 25 Male Nasal 4 days Right 106/54 NR 12.3 NR 351 NR 2+ NR
7 Edmondsonc,35 40 Male NR 12 h Right NR 1.3 NR NR NR NR Negative Negative
8 Mochizuki36 52 Female Nasal ‘Shortly’ Right 160/90 0.9 19.3 NR 2100 NR 3+ Trace
9 Bemanian24 48 Male Nasal 4 days Right 140/78 1.4 14 NR 704 NR Trace 2+
10 Caramelod,39 27 Male Intestinal
transport
24 h Left 160/95 4.9 14.5 7587 8325 NR Trace 3+
11 Furaz37 36 Male Nasal NR Bilateral 165/110 2.1 24 143 4371 NR 3+ 3+
12 Current case 47 Male Nasal 2 h Bilateral 150/85 2.4 17 160 1875 41 3+ 1+
i.v., intravenous; LDH, lactate dehydrogenase; NR, not reported; SCr, serum creatinine.
aBlood pressure at the time of presentation.
bUnilateral kidney involvement requiring nephrectomy. Laterality not mentioned.
cUnclear if this patient had a true case of cocaine-associated renal infarction.
dCase of intestinal, splenic, myocardial, and renal infarction. Excluded from analysis in discussion.
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percentage of non-necrotic glomeruli and the presence of
spared superficial cortex have been shown to correlate with
the degree of functional recovery.14
There is no established treatment for acute renal infarction
related to cocaine use.24 In the case reported herein the
patient was a healthy, athletic runner, without evidence
of renal artery thrombosis, embolic disease, or underlying
prothrombotic state. As such, there was no justification
for anti-coagulation, and only supportive measures were
employed.
Non-steroidal anti-inflammatory drugs impair renal
perfusion by reducing prostaglandin-mediated vasodilation.
Non-steroidal anti-inflammatory drugs are problematic in
the setting of volume depletion or cocaine-induced vasocon-
striction. In the case reported herein, flank pain preceded the
use of non-steroidal anti-inflammatory drugs. Nonetheless,
NSAID use may have exacerbated the initial renal infarction
injury and contributed to the severe acute tubular injury.
In conclusion, we report a case of bilateral renal infarction
secondary to cocaine-induced vasospasm—an infrequent but
established complication of cocaine use. A high degree of
clinical suspicion is essential for early diagnosis of this
condition. Patients with renal infarction present with a
somewhat non-specific constellation of signs and symptoms
that includes persistent flank and lower back pain, mild
transaminase elevations, marked serum, and urinary LDH
elevations, hematuria, and tubular proteinuria. Preferred
imaging modalities for diagnosis include contrast enhanced
CT and renal angiography. Our case is the second reported
case of bilateral renal infarction secondary to cocaine use and
the first description of the renal pathology and clinical course
of cocaine-related renal infarction.
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